T

he marine seismic industry is always changing and adapting.
Technology is advancing, safety is improving, surveys are
becoming more efficient, the carbon footprint of vessels
is reducing, the number of seismic vessels is fluctuating with
demand, and the areas of high seismic activity are continually
moving.
Small to medium size E&P companies, as well as the nationals
and majors, are embracing new innovations and utilising lower day
rates to replenish their reserves portfolio. With an ever-increasing
global population, and hence growing demands for fossil fuels,
governments are thinking about their reserves-to-production ratios
and the national security and economic stability that comes with it.
A few years ago, when the oil price was hovering around
US$100/bbl, high latitude and deepwater discovery surveys were hot
topics of conversation (in addition to the usual North-West Europe/
West Africa seasonal cycle). With the fall in the price of oil came
the focus on 4D surveys to maximise existing field potential and, in
the face of a very tight market, the revisiting of existing datasets to
improve them through fresh acquisition or reprocessing.

Middle East

One region that could be historically considered as the industry’s
‘sweet spot’ is the Middle East. From the middle of the last century,
oil exploration has brought about significant social, political and
economic developments. Geopolitical stability in some of the
countries that make up the Arabian Peninsula has led to heavy, and
fruitful, investment from international E&P companies.
The United Arab Emirates, in the top ten largest proven
global crude oil reserves (World Energy Council Oil World Energy
Resources 2016), is one such country. Formed in the early 1970s,
the federation has dramatically evolved into a well-known trading
and tourism hub. With oil exports making up around a sixth of the
gross domestic product (MOE Annual Report 2017), the UAE is a key
contributor to global strategic petroleum reserves.
Nestled between the Al-Hajar Mountains, which tower nearly
2 km above sea level and span north-eastern Oman and the
eastern UAE, and the serene waters of the Arabian Gulf, is the
seventh Emirate, Ras Al-Khaimah. The fourth largest Emirate,
making up approximately 3% of both the total land area and total
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population, it is a relatively under-exploited region in comparison to
some of its neighbours.
The Ras Al-Khaimah Sub-basin contains continental clastic
and evaporite shelf carbonate sediments transitioning to complex
faulting found in the foreland basin. The Lower Cretaceous
formations found here are part of the famous Thamama Group,
which is one of the largest oil reservoirs in the world. This area
has had some exploration and production activity dating back to
the 1980s. Two fields have been active: Saleh was one of the main
producing gas and condensate wells in UAE, while the other, RAK B,
has proven oil reserves.

Figure 1. Shipwreck from a Bathymetry survey.

Figure 2. Unmanned platform in the Saleh Field.

Figure 3. The Polarcus triple source configuration.
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There have been a few surveys offshore Ras Al Khaimah: 2D
exploration lines and a 3D survey over each of the main fields, RAK-B
(ocean bottom cable) and Saleh (towed streamer). In 2017, Polarcus
was challenged to come up with a viable solution, both operationally
and geophysically, to acquire a high-quality dataset as safely and
efficiently as possible to improve on the existing data and cover the
entire width and breadth of the Emirate’s waters, from water depths
of 80 m up to the coastline’s 15 m contour, in preparation for a 2018
licensing round. Achieving this was to be a challenge for even the
most seasoned members of the project team.

Methodology

A suite of Polarcus geophysical tools had to be incorporated
including survey design (for a tailored acquisition strategy), XArray™
acquisition (to ensure optimal spatial sampling), multi-vessel
operations (to maintain milestone deadlines), broadband processing
(to provide high temporal resolution), continuous recording (to
maximise inline fold and trace density for uplifted signal to noise) and
infill management (to achieve lateral resolution requirements).
The decision was made to run this project slightly differently to
a conventional arrangement of client and contractor, but rather as a
collaboration. This is where Polarcus and RAK Gas partnered together
on the survey and both sides had their own client project managers.
This gave the benefit to RAK Gas of Polarcus running the project,
utilising the company’s expertise on marine seismic operations,
and the geological expertise and local support from RAK Gas, while
sharing the cost and risk.
Before the discovery of oil, the region’s traditional income
was fishing, and this is still an industry that is well respected and
embedded in the culture. The area is very busy with fishing activity,
from small dhows to larger trawlers. Fishing is not just an income for
the residing populace but a core part of the local community, and as
with many areas the company’s boats work in, seismic operations
are uncommon, in this case just a handful over a 30 year period, and
therefore unfamiliar to the fishing community.
Another major concern for the operation were the many shipping
lanes that run through, or in close proximity to, the survey area,
especially traffic in and out of Dubai and Abu Dhabi. There are three ports
in Ras Al Khaimah, the main one being Mina Saqr. The anchorage areas
used by this port, and therefore the traffic separation scheme, for their
ingoing and outgoing ships, were situated within the survey extents.
There are the shallow waters along the coastline with hidden wrecks
scattered across the sea floor. The maximum draft of the seismic vessel
is 7.5 m, and the deepest section of the towed equipment is 10 m, and
standard safe operating procedure is to maintain 15 m clearance under
the vessel and 5 m under the equipment. The coastline was without
reliable bathymetric data, apart from in specific areas used by RAK Ports.
Surface obstructions added to the survey risks including seven
platforms located in the Saleh field, one platform in the RAK-B field,
surface marker buoys (for a wreck, well-head and shipping lane), and a
single point mooring turret used by RAK Port.
To mitigate the HSE and operational risks, it was important to design
a survey that would be safe and efficient to acquire but to also image the
Cretaceous carbonate layers and deeper Jurassic reservoirs. The result
was a triple source towed streamer acquisition set-up with nominally
six streamers, 112.5 m apart and 6 km in length. This created an 18.75 m
cross-line sample interval to image the 30˚ dips found in the foreland
fold and thrust belt.
The spread width was maximised to cover 337.5 m of the
subsurface with each pass. With dual sources, the equivalent spread
would be 8 x 75 m (to match the 18.75 m cross-line sampling), which
would have 37.5 m less coverage with each pass and two additional

streamers deployed. The triple source configuration reduced HSE
exposure, reduced acquisition time, and reduced operational exposure
during complex in-field operations.

Figure 4. Before boxing-in operations (top); After (near-mids offset

group)(bottom).

Source array shot interval was set to 12.5 m to maintain high inline
fold and allow for 5.4 sec. of uncontaminated data below the water
bottom so that the primary targets, between 1.0 to 4.0 sec. two-way
time, were outside of the blended zone.
Operations started in the deeper water, in the swath of lines that
contained the Saleh and RAK-B fields. The original plan had been to
acquire this area with six streamers and then shoot the remainder
with eight streamers, however operational constraints steered the
decision to acquire the entirety of the survey with six streamers. The
streamers were set to 12 m deep, with sources at 5 m, to maximise the
low-frequency content of the data.
Simultaneously, a bathymetric survey of the coastal 15 m contour
was being acquired by two multi-beam vessels. Nine shipwrecks and
88 boat wrecks were observed within the survey limits, with only
one shipwreck deemed too dangerous for the streamers to pass over
(11.5 m below sea surface). The bathymetric survey was completed in
time for the seismic vessel to be able to reconfigure the streamers to
8 m deep (to maximise shallow water coverage) and commence the
shallow water swath.
The seismic vessel then reconfigured to 4 km streamers to improve
vessel manoeuvrability during close pass operations and acquired
oblique line passes around the surface obstructions in the Saleh
field. The minimum distance between outermost in-sea equipment
and obstructions was 100 m, meaning close pass approaches had
to be carefully planned. Polarcus Alima completed 35 close pass
operations in just seven days, closing the gaps in coverage. This was
perfectly executed without incident despite the high levels of fishing
activity, nine static obstructions and being restricted along one side
by an international border. This included two high risk passes directly
through the middle of the field with platforms either side.
Finally, and with close coordination with the Harbour Master RAK
Ports and his team, the last swath was designed to acquire data at an
optimal azimuth along a no-go zone containing surface obstructions
next to Mina Saqr Port, with temporary anchorage areas set up for the
port traffic.

Outcome

Figure 5. Full fold QC cube time slice 1.5 seconds.

Figure 6. PreSTM onboard priority processing stack.

Certain factors outside of the company’s control resulted in
the termination of the survey before the easternmost area was
completed. Therefore, the question remains: can towed streamer
acquisition be effective in a heavily congested area?
This, of course, will very much depend on the perspective of the
individual and the specific circumstances. For this survey, it can be
confidently stated that Polarcus Alima completed the objectives that
were laid out before survey commencement: to acquire a high-quality
dataset that images the very complex geological setting (large
thrust faults and the presence of salt), with no incidents harming
people or the environment, maximising coverage around the
installations and in the shallow water zone – all within the
allocated time frame and project budget. In an area where
expensive ocean bottom seismic is arguably better suited, the
2017 Offshore RAK 3D XArray survey shows that towed streamer
acquisition can prevail.
In addition to the onboard Polarcus PreSTM product, an
advanced time processing sequence will be utilised on the 2017
data and the vintage 3D, which infills the obstructed areas. To
be run in the London office of DownUnder GeoSolutions, the
workflow includes deblending, source and receiver deghosting,
shot-by-shot near-field derived source designature, 3D
shallow water demultiple, multi-dimensional interpolation
and regularisation, and anisotropic Kirchhoff pre-stack time
migration.
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